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ABSTRACT:  Mixes  of  zirconium  and  lead  monoxide  have  been 
investigated  for  use  as  hot  wire  sensitive  gasless  igniter 
mixes  for  Igniting  gasless  delay  powders.  A  (50/50)  zlrco- 
nium/lead  monoxide  composition  is  sensitive  to  hot  wire 
Ignltlonj  it  reliably  initiates  molybdenum  and  manganese 
base  delay  mixtures;  it  acts  essentially  as  a  gasless  delay 
Igniter  for  such  delay  mixtxires  used  in  systems  having  delays 
up  to  several  seconds  in  time.  It  does  not  act  gasless  when 
igniting  long  burning  tungsten  delay  mixes.  It  will  not 
satisfactorily  ignite  all  delay  compositions  so  that  its 
selection  for  use  must  be  based  on  knowledge  of  its  specific 
behavior  with  the  particular  delay  composition  contemplated. 
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A  LOW  aASSlNQ  IGNITER  MIXTURE  FOR 
VARIOUS  PYROTECHNIC  DELAY  COMPOSITIONS 


Introduction 


1.  The  deelgns  of  electro-explosive  devices  (EEDs)  containing 
"gasless"  delays  have  almost  exclusively  used  primary  explo¬ 
sives  heated  by  a  brldgewlre  to  effect  Initial  reaction. 

Primary  explosives^  when  they  react,  produce  liberal  quanti¬ 
ties  of  gaseous  combustion  products.  If  these  gases  are 
allowed  to  materially  increase  the  Internal  pressure  of  the 
EED,  the  burning  rate  of  the  gas less  delay,  which  is  pressure 
sensitive,  is  considerably  Increased  over  Its  rate  at  ambient 
pressurejand  inefficient  use  of  the  delay  (with  respect  to 
time/length)  results.  In  addition,  if  the  Internal  gas  pres¬ 
sure  Is  not  controlled,  time  uniformity  may  not  be  obtained. 

2.  To  overcome  these  difficulties  practical  designs  have  allowed 

for  venting  the  primary  explosive  gases  through  vent  holes  to 
the  exterior  or  have  incorporated  a  fully  contained  internal  vent 
chamber  (1).  The  former  expedient  reduces  the  shelf  life  of  the 
BED  In  moist  environments  and  also  prevents  potting  of  the  BED, 
The  latter  solution  overcomes  the  moisture  and  potting  diffi¬ 
culties  but  requires  Increased  volume  or  length  (for  the  vent 
chamber)  and  this  space  In  a  weapon  system  Is  often  at  a  pre¬ 
mium  .  • 

3.  Another  method  of  overcoming  the  problem  would  be  to  elimi¬ 
nate  the  primary  explosive  and  substitute  an  Igniter  material 
sensitive  to  Ignition  by  a  hot  wire  and  having  combustion 
products  which  are  essentially  gasless.  Such  Igniter  materials 
have  not  been  gener.ally  available.  Two  possibilities,  however, 
exist: 


Metal  acetylldes.  • 

"Gasless"  mixes  similar  to  the  gasless  delays  but 
with  sufficient  sensitivity  to  be  initiated  by 
hot  wires. 

The  acetylldes  had  been  previously-investigated  (2)  but  abandoned 
because  of  their  extreme  static  sensitivity  and  difficulty  of 
preparation.  Gasless  igniter  materials  of  sufficient  sensitivity 
were  unknown;  however,  some  gas less  igniter  mixes,  A-IA  for 
example  (3),  were  known  to  be  marginally  close  to  the  sensitivity 
desired* 

*A-1A  could  be  initiated  by  a  hot  wire  some  of  the  time  but  not 
always.  In  some  cases  the  wire  could  be  burned  out  without 
initiating  the  A-IA.  . 
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4,  The  Universal  Match  Corporation  in  1959  was  assigned  a 
problem  under  Contract  NOrd  13466,  Task  2,  to  develop  hot  wire 
sensitive  gasless  igniter  mixes  for  use  in  non-vented  delay 
systems.  The  results  of  their  work  are  summarized  in  their 
final  contract  summary  report  (4),  In  brief,  they  found  a 
ntimber  of  mixes  which  could  be  ignited  by  hot  wires.  They 
centered  their  testing  on  the  most  promising;  mixes  of  boron 
and  lead  dioxide  and  mixes  of  zirconium  and  lead  dioxide.  The 
boron  mix  was  found  to  introduce  appreciable  non-uniform  delays 
itself  so  zirconium/lead  dioxide  was  the  final  igniter  material 
selected.  When  it  was  used  in  non-vented  delays  appreciable 
reduction  in  time  over  the  vented  system  resulted. 

5.  The  work  reported  herein  is  a  continuation  of  the  work 
started  at  the  Universal  Match  Corporation.  It  was  hoped  to 
obtain  a  sensitive  gasless  igniter  capable  of  being  incorporated 
into  non-vented  delays  without  appreciably  decreasing  the  burn¬ 
ing  time  below  that  of  identical  vented  items.  It  has  been 
found  that  a  (5O/5O)  zlrconixim/lead  monoxide  igniter  mix  acts 

as  if  it  were  gasless  when  igniting  molybdenum  and  manganese 
*base  mixes  in  systems  with  delays  up  to  several  seconds.  This 
mix,  however,  does  not  satisfactorily  ignite  all  delay  compo¬ 
sitions  and  affects  the  burning  times  of  long  burning  tungsten 
base  delays  in  obturated  systems. 


Selection  and  Preparation  of  Mixes 

6.  After  reviewing  the  work  performed  by  the  Universal  Match 
Corporation  and  all  other  pertinent  literature  and  information, 
it  was  decided  that  mixtures  of  zirconium  and  lead  monoxide 
would  be  investigated.  An  approximate  stoichiometric  mixture 
of  these  ingredients,  (17/83)  Zr/PbO,  as  well  as  several  oxygen 
deficient  combinations  were  prepared.  The  zirconium  powder  con¬ 
formed  to  specification  JAN-Z-399A.  The  lead  monoxide  was 
reagent  grade  obtained  from  Merck  and  Co.  It  was  finer  than 
325  mesh.  For  reasons  of  safety,  mixing  was  performed  with  the 
ingredients  wet.  The  wetting  fluid  was  ethyl  acetate.  Quanti¬ 
ties  of  10  grams  or  less  were  wetted  with  the  fluid  and  mixed 
in  a  Waring  blender  for  twenty  minutes.  The  mixtures  were  then 
filtered  and  dried  in  an  oven. 


Selection  of  Final  Mix  for  Further  Tests 

7.  The  selection  of  the  final  mix  for  further  testing  was 
based  on  two  criteria: 

The  ignition  sensitivity  at  a  selected  size  hot  wire. 
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The  rapidity  of  the  combustion  sensed  by  a  phototube 

detector. 

p 

Preliminary  sensitivity  tests  were  conducted  by  pressing  the 
mixtures  about  a  0.0004-inch  diameter  Tophet-C  wire,  0.050 
inch  long,  and  then  determining,  by  a  few  exploratory  tests, 
the  potential  needed?  on  a  1-microfarad  capacitor  to  cause 
samples  to  fire.  The  results  of  this  testing  are  given  in 
Table  1.  From  this  table'it  can  be  seen  that  the  (20/80),  and 
(50/50)  Zr/PbO  mixes  could  be  ignited  without  sufficient  dlf-^ 
ference  in  sensitivity  to  choose  between  them.  The  (95/5) 

Zr/PbO  mix  could  not  be  fired  even  at  6  microfarads  and  250 
volts,  and  was  thus  eliminated. 

8.  The  (20/80),  (40/60),  and  (50/50 )  Zr/PbO  mixes  were  than 
subjected  to  hot  wire  ignition  testing  in  which  the  light  ou^ 
put  was  viewed  as  a  function  of  time  using  a  photoelectric 
detector  tube  and  an  oscilloscope .  Typical  traces  for  the 
three  mixes  are  s^hown  in  Figure  1.  The  (20/80)  Zr/PbO  mix 
showed  no  output  *for  the  full  sweep  of  the  oscilloscope,  which 
was  5  milliseconds  in  these  tests,  although  the  mix,  of  course, 
was  ignited.  The  Inherent  delay  was  felt  to  be  too  long  and  the 
bxirnlfng,  which  finally  did  occur,  too  erratic  for  further  con¬ 
sideration  of  this  mix  as  an  igniter  material.  The  (40/60) 
mixture  and  the  (50/50)  mixture  Ignited  within  the  sweep  time; 
however,  the  (4o/§0)‘  mixture  showed  a  rather  slow  build-up  in 
intensity  while  the  (50/50)  mixture  showed  an  even,  rapid 
build-up  to  its  final  intensity.  On  the  basis  of  these  results 
it  was  decided  to  use  only  the  (50/50)  mixture  for  further 
testing. 


*  Testing  in  Delay  Devices  * 

9.  Tests  in  delay  devices,  both  obturated  and  vented,  were 
conducted  with  delay  mixes  of  various  burning  rates.  Compari¬ 
sons  were  made  between  burning  times  in  the  vented  and  non- 
vented  devices.  Two  types  of  test  vehicles  were  chosen  for 
these  tests. 

For  the  obturated  condition  the  fast  burning  compositions 
(molybdenvim  and  manganese  based  mixes  (5),  (6))  were  tested 
in  the  unit  shown  in  Figure  2,  and  the  slow  burning  compo¬ 
sition  (tungsten  based  mix  (5))  was  tested  in  a  larger  body 
shown  in  Figure  3-  The  test  devices  were  loaded  such  that 
there  was  no  Internal  free  volvune  for  venting  of  gases  during 
burning. 


3 


NOLTR  61-153 


The  vented  devices  were  Identical  to  the  obturated  ones 
shown  in  Figures  2  and  3  except  that  the  charge  holder  was 
reduced  in  diameter  and  a  vent  hole  0.025  inch  in  diameter 
was  drilled  'in  the  delay  body  slightly  above  the  igniter 
level  to  allow  gases  to  escape  to  the  exterior, 

10.  On  the  basis  of  preliminary  tests^  the  igniter  mix  was 
loaded  at  10,000  psi.  The  initiator  assembly  contained  30 
milligrams  of  (50/50)  Zr/PbO  igniter  mix.  The  quantity  of 
igniter  used  for  the  fast  burning  molybdenum  and  manganese  base 
mixes  was  100  milligrams  v/hlle  the  slow  burning  tungsten  base 
delay  composition  required  250  milligrams  of  the  Igniter  mix. 
The  delay  compositions  were  loaded  at  30,000  psi  and  the  units 
tested  over  a  temperature  range  of  -65®F  to  +  160®F.  The 
energy  from  a  1-microfarad  capacitor  charged  to  60  volts  was 
used  to  produce  ignition  and  the  ability  of  the  mixture  to 
ignite  the  delay  compositions  and  the  delay  times  were  deter¬ 
mined.  Table  2  summarizes  the  results  observed. 

The  manganese  delay  compositions  were  reliably  initiated 
over  the  temperature  range  +160“F  to  -65 ®F  in  both  the 
obturated  and  vented  systems. 

* 

In  the  case  of  the  molybdenum  base  delays,  there  was  no 
significant  difference  in  the  observed  delay  times 
between  the  obturated  and  vented  systems. 

For  the  manganese  delay  compositions  there  was  a  small 
reduction  of  the  burning  time  in  the  obturated  system. 

The  slow  burning  tungsten  base  delay  composition  was 
ignited  satisfactorily  in  the  obturated  system  but  in 
the  vented  system  failures  occurred  at  the  igniter-delay 
mix  interface*  The  failures  were  probably  due  in  part 
to  the  loss  of  pressure  caused  by  the  venting.  There  was 
a  considerable  reduction  in  time  in  the  obturated  system 
as  compared  to  the  vented  system.  This  can  be  seen  from 
the  tests  conducted  at  l60*F  where  all  items  Ignited 
properly.  The  table  shows  also  that  ignition  reliability 
at  the  igniter-delay  Interface  is  a  function  of  the  opera¬ 
ting  temperature. 


Sensitivity  to  Hot  Wire  Ignition 

11.  Two  methods  were  used  to  determine  the  sensitivity  of  the 
(50/50)  zirconium/lead  monoxide  mix  to  ignition  by  a  hot  wire. 

The  first  was  a  capacitor  discharge  Bruceton  type  test  (7) 
using  a  fixed  1-mlcrofarad  capacitor  and  a  variable  potential 
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^  The  second  was  a  varfable-amplltude,  constant-current, 
run-down  type  test. 

•  ■  ^  * 

12.  The  data  for  the  capacitor  discharge  test  are  shown  in 
Table  3»  The  mean  firing  potential  was  determined  to  be  57.^ 
volts  whlGh.  corresponds  to  an  energy  of  16,500  ergs.  If  the 
assiimed  log  normal  distribution  is  correct,  the  99*93^  firing 
point  is  at  63.1  volts  corresponding  to  an  energy  Of  19,900  ergs. 

13*  The  constant-current  data  were  obtained  on  two  groups  of 
elements  containing  the  igniter  mix.  The  results  are  shown  in 
graphical  form  in  Figure  4.  From  this  curve  it  can  be  seen  that 
the  current  characteristics  of  the  two  groups  were  rather  uni¬ 
form,  that  virtually  no  primers  fire  below  approximately  340 
milliamperes,  and  that  virtually  all  can  be  expected  to  fire 
above  420  milliamperes.  The  number  at  each  point  plotted  on 
the  curves  indicates  the  nxanber  of  igniters  tested  at  this  point. 


,  Conclusions 

- - -  ^  an 

14,  From  the* experiments  conducted  it  is  concluded  that  the 
(50/50)  zlreonlxim/lead  monoxide  igniter  mix  acts  as  if  it  were 

'  gasless"  when  igniting  molybdenum  and  manganese  base  mixes  . 
having  times  Up  to  several  seconds.  When  igniting  long ‘burning 
tungsten  base*  delays,  there  is  an  appreciable  reduction  of  time 
in  the  obturated  system  over  that  of  the  vented  system* 

15.  This  igniter  mix  does  not  satisfactorily  Ignite  all  delay 
compositions j  auxiliary  igniters  such  as  A-IA  on  top  of  the 
delay  column  may  be  necessary  in  some  cases.  The  igniter  mix 
may  be  satisfactorily  ignited  from  hot  wires.  The  energy 
required  is  somewhat  more  than  that  needed  for  sensitive  primary 
explosives. 
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The  lower  voltage  Is  the  ^Lowest  value  at  which  any  sample  was  observed  to  fire 
The  upper  voltage  Is  the  lowest  value  at  which  all  samples  tested  fired. 


NOLTR  61-153 


>»  TJ 

d  CO  Q)  c 

<0  tH  g  O 
a)  <i>  «H  o 

S  Q  E-t  ® 
<a 


r^  o  tfv 

MD  r^  O 
VO  t-CO 

000 


m 

o\ 

moo 


C30 

moo 


•sf  ■ 

tvOMA 
vO  cr\a\ 


000  O  rH  CU  o  H  CU  o  r^  OJ 


in 

ifs 

<-»  ♦ 

ro 


lAlAlA 


000 

fH  r-i 


a  00 


000 

1^  iH 


000 

fH  I— t  rH 


OQ  0) 
O  T3 
Q«^ 

e  X 
o  o 
o  c 
o 

>>£ 

(0 

f-t  n 
0)  os 
Q  <u 

o  g 
•v-t  3 

•H 
00  d 
<v  o 
E  o 

•H  ti 
to-H 

N 

>» 

<0*^ 

j^o 

<uir\ 

qx 
o 
'd  m 

a)w 

> 

ti  E 
0)  o 

01  U 
ja  ^ 
O 

•o 

a> 

■p 


00 

_  >,  Tl 
_  :C  CO  <D  d 

Q  CO  E  O 

W  <U  <D  ^  O 

&i  2  Q  E-t  0) 

C  00 


n 

0)  x-> 

P  03 

00  >>  tJ 
H  CD  0)  C 

3<N  a  o 

V  0)  -H  O 
iH  Cj  E-C  4) 
CO  03 

o  ■>— 


03 

d  £  0) 
>»ip^ 

CO  3  bO  P 
H  f-i  d  fi 
P  O  P  •H 

o  a 


p  bo  a 
o  d  ^ 

p  d  Id  o 
>  d  p  p 

dies  01 

HCQ 


vd  lA 
tr\rH  CM 
VO  ^-00 

000 


ON 

•H  O-^ 

lAinio 


m 

VO  rovo 

mvDvo 


m 

CO  cu  cu 
lAVOCO 


m  lala  000 


pc,  pc, 

a  a  o 

lA  O  lA 
VO  OvO 

H  VC  I 


ON  ON  ON 
IAIAlA 

o  a  o 


pCt  p0«  pc, 

000 

000 

VO  VO  vO 

rH  rH  rH 


OnCTn 
CX>  ^  »H 
tAONlA 


000 

rH  iH  r*i 


E  E  E 
000 
000 

DC  OS  tt 


ON  On 

CO^  r-( 

lAONiA 


iH  lA-P" 
iO-  CM  CA 


000  o  >-»  <NJ  o  rH  OJ  o  "H  (M  lAt^ON 


000 

iH  iH  iH 


[z,  pc,  pc, 
.000 
lAlAiA 
VO  VO  VO 

I  I  I 


OnOnO 
CO  rH 
lACJNlA 


000  OrHnO  OiHOO  OrHfA 


a  p  o 

CM  (M  CVJ 

•  •  P 

o  p  p 


CM  CM  CM 
CM  CM  CM 


cAfAiA  (AfAlA 

(AifvO  POzS-vD 

CM  CM  CM  CM  CM  CM 

«  •  •  •  •  • 

p  p  p  pop 


(ACM  <A  (A  CM  CA 
mP  CM  lAP  CM 


rOCAlA 
(AjS-vO 
CM  CM  CM 


O  OkO 

rH  rH  rH 


pc,  Pc, 
o  go 
P  O  LA 
VO  OVO  • 
HOC  I 


ONC^C^ 

(A(AtA 

•  •  • 

CM  CM  CM 
CAfAIA 


CM  CM  CM 
CM  CM  CM 
CO  00  00 


POP  pop 


(ACM  A 
lAp  CM 


PPP  CMCQA  CM(30A  CMQOA 


CJNONCJN 
A  A  (A 


3 

P 

u  0 

d 

P 

0  (34 

p  p 
•d  P 

P  P 
d  p 

p  >i 

jQ  <a 

p  p 

Q>  (M 

Pija 

bO,P 

>»H 

rH 

d 

EH  P 

0 

p 

Q 

2: 

se  ■ .  -  ' 

T/IO  failed  at  the  Ighlter-delay  interface. 
10/10  failed  at  the  igniter-delay  interface. 


OUTPUT  (IV/CM) 


NOLTR  61-153 


20/80 

Zr/PbO 


40/60 

Zr/PbO 


50/50 

Zr/PbO 


TIME  (0.5  MS/CM^ 

FIG.  I  LIGHT  OUTPUT  DURING  BURNIN^  OF  SEVERAL 

ZIRCONIUM /LEAD  MONOXIDE  IGNITION  MIXTURES 


10 


1 


KOLTR  61-153 


FIGURE  2.  THE  TEST  VEHICLE  USED  FOR 
TESTING  THE  FAST  BURNING 
.  ■  DELAY  COMPOSITIONS . 


NOLTO  61-153 


FIGURE  4.  PERCENT  FIRING  VS  CONSTANT 

CURRENT  FOR  Zr/PbO  50/50  IGNITER 


NOLTR  61-153 


GLA§S  KOVAR 
PLUG. 


CHARGE 

HOLDER 


IGNITER 
®  Zr/PbO 


DELAY 
COMPOSITION 


A^lA 

iGNITIR 


PISTOL 
POWDER 
SR  49§0 


SOLDER 


BRASS 

BODY 


1.250 
REE 


ISOO 

REE 


CLOSURE  DISC 


FIGURE  3.  THE  TEST  VEHICLE  USED  FOR 
TESTING  THE  SLOW  BURNING 
^  DELAY  COMPOSITION. 


NOLTR  61-153 


DISTRIBmflON  LIST 


Chiefs  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  25*  D;  G. 

DIS-3-  *  ' 

RUME-3  ’ 

RUME-32 
RMMO-2 
•  RREN-312  * 

Direetor 

Special  Projects  Office 
Washington  25^  D.  G* 

SP-20  . 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25;  D*  C, 

Chemistry  Branch 

• 

Commander 

U.  S*  Naval  Ordnance  Test  Station 
China  Lake  I  Calif  ornia 
Code  556 

Teohhical  Lihrary 
B.  A,  Breelow 
J«  Sherman 

Director 

Naval  Research  Lahorapory 
Washington  21^  D,  C. 

Teehnical  Information'  Section 

Superintendent 

Naval  Post  Craduate  School 

Montorey,  California 

Commander 

Navarl  Air  Development  Center 
Johnsvlile*  Fennsylvania 

Aviation  Armament  Laboratory 

Commander 

U,  S,  Naval  Weapons  Laboratory 
Dahlgren,  Virginia 
Teehnical  Library 


9 


NOLTR  61-153 


Commanding  Officer 

U.  S.  Naval  Weapona  Station 

Yorktown,  Virginia  . 

R  &  D  DlvislGn  .  "  •; 

Commanding  Officer 
0.  S.  Naval  Ordnance  Laboratory 
Corona,  California 
R.  Hillyer 

• 

Commanding  Officer 
U.  $4  Naval  Propellant  Plant 
Indian  Head,  Maryland 
Technical  Library 
SODTC 

• 

Commanding  Officer 

04  S.  Naval  Ordnance  Plant 

Macon,  Georgia 

• 

Commanding  Officer 
U«  S.  Naval  Ammunition  Depot 
McAlester,  Oklahoma 
R.  E,  Halpern 

Commanding  Officer 

04  S4  Naval  0nderwater  Ordnance  Station 
Newport,  Rhode  Island 

commanding  Officer 

04  S4  Naval  Weapons  Evaluation  Facility 
Klrtland  Air  Force  Base 
Albuquerque,  New  Mexico 

Commanding  Officer 
Naval  Ammunition  Depot 
Crane,  Indiana 

Commanding  Officer 

0.  S.  Naval  Ammvmltlon  Depot 

Navy  Six  Six  (66) 

c/o  Fleet  Post  Office 

San  Francisco,  California 

Commanding  Officer 
Naval  Torpedo  Station 
Keyport,  Washington 


Copies 


2 


1 

1 


,  1 
1 


1 

1 

1 

1 

1 

1 

1 


NOLTR  61-153 


•(ft? 

Copies 

Office  of  Chief  of  Engineers 
Department  of  the  Army 
Washington  23 >  D.  C. 

ENONB  *  1 

,  ENQEB  ^  1 

Chief  of  Ordnance  , 

Department  of  the  Army 
WashTLngton  25,  D.  C. 

ORDOU  .9  1 

ORDTB  1 

ORDTN  1 

Commanding  General 

Picatlnny  Arsenal  .  • 

Dover,  New  Jersey 

ORDBB-THS  1 

ORDBB-TJl  1 

0RDBB-TK3  1 

ORDBB-TMl  1 

ORDBB-TPl  1 

0RDBB-TP2  1 

0RDBB-TP3  1 

ORDBB-TR2  1 

ORDBB-TSl  1 

Commanding  Officer 


Conne'ctlcut  Ave.  &  Van  Ness  St,  N,  W, 

Washington  25>  0«  C, 

Ordnance  Development  jUtbpratpry  1 

M,  Lipnick  fCode  005)  1 

R,  Comyn  (Code  710)  1 

G,  Keehn  (Code  320)  1 

Commanding  Officer 

Office  of  Ordnance  Research 

Box  CM,  Duke  Station  .  • 

Durham,  North  Carolin|  1 

Commanding  Officer 
Rock  Island  Arsenal 

Rock  Island,  Illinois  1 

Commanding  Officer 
Engineer  Rese^ch  &  Development 
.  y,  S,  Army 
.  Ft.  Belvoir,  Virginia 

Technical  Intelligence  Branch 


1 


NOLTR  61-153 


Commanding  Offi’cer 
Fort  Dietrlck 
Maryland 

Commanding  General 
U.  S.  Army  Proving  Ground 
Aberdeen,  Maryland 
BRL 

Commanding  General 
Frankford  Arsenal 
Philadelphia,  Pennsylvania 
S.  Plcoll 

Commanding  General 
Redstone  Arsenal 
Huntsville,  Alabama 
Technical  Library 

Commander 
Ordnance  Corps 
Lake  City  Arsenal 
independence,  Missouri 

Industrial  Engineering  Division 

Chief  of  Staff  « 

U.  S.  Air  Force 
Washington  25,  D,  C., 

AFORD-AR 

Commander 

Wright  Air  Development  Center, 
Wright-Patterson  Air  Force  Base 
Dayton,  Ohio 

* 

Headqviarters,  Air  Proving  Qroimd  Center 
U.  S.  Air  Force,  ARDC 
Eglin  Air  Force  Base,  Florida 
PGTRI,  Technical  Library 

Commander 

Air  Research  &  Development  Conmjand 
Andrews  Air  Force  Base 
Washington  25,  D,  C. 

Chief 

Defense  Atomic  Support  Agency 
Washington  25,  D.  C. 


NOLTR  61-153 


Armed  Services  Technical  Information  Agency 
Arlington  Hall  Station 
Arlington,  Virginia 
TIPDR 

Atomic  Energy  Commission 
Washington  25,  D,  C. 

DMA 

Lawrence  Radiation  Laboratory  - 

University  of  California  , 

P.  0.  Box  808 
Livermore,  California 

Technical  Information  Division 

Director 

Los  Alamos  Scientific*  Laboratory 
P.  0.  Box  1663 
Los  Alamos,  New  Mexico 
Library 

Director 

Applied  Physics  Laboratory 
Johns  Hopkins  University 
6621  Georgia  Avenue 
Silver  Spring,  Maryland 
Solid  Propellants  Agency 

Sandia  Corporation 
P.  0.  Box  5400 
Albuquerque,  New  Mexico 

Sandia  Corporation 
P.  0.  Box  969 
Livermore,  California 

*  ■  ■  ■  op 

Commander 

Holsteh  Ordnance  Works  , 

U#  S.  Army 
Kingsport,  Tennessee 

Dr.  R.  Robbins  ^ 

The  Franklin  Institute 

20th  Se  Benjamin  Franklin  Parkway  •  * 

Philadelphia,  Pennsylvania 

Locldieed  Aircraft  Corporation  ^ 

P,  0.  Box  50^ 

Sunnyvale,  California 
Mr.  J.  Light foot 


e 


0) 

si 

m  ^  -iA 

U^o 


0} 

& 

■p 

IhI 


Q> 

•H 

IS 


0)  <D 


4) 

to 

0) 

d 

dS  0) 


14  d  n4  »4  e«  <  . 
>,>a0  4)  Tt  ft>  .O 

{ff  H  Q  N  *4  s : 


I  ^  .H  • 

! 


d 

- .  -  a> 

-p  ip  >>  O  'd..- 
o  <e  o 

hdHfnrtHfiP 

>^\aoa).H  Q)  o  rt.H 

PuHPNi^SSe-' 


o 

d 

•  0)  P 
’op  o 

fli  d  4> 

!«•? 


•  ••'•*••  H  Ih 

rH  CM  m  <}■  lO  ^  H  H  H 


H 

I in  <0  f^  H  H  H 


I  i  3 

0)  01  ^  O 


(0  >  cd  o  o 

*  P  O  P  cd  ^  P 

H  ^  H  0) 

rf  H  <D 

>^^d  CD  Ph  4>  }>  <fl  ‘H 

^  OOH'd‘Hf-1  K 
O  CO  ‘H  P  4)  O 

{*«  CO  K  ‘rt  »d  d 

O  to  O 

,  p  p^f-i  p  d  d  w  a 

“  --  o  0)  to 


I  ‘H  0) 

cs  4)  \i0-p  o  d« 

O  to  •H  c4  to^ 

.H  d  to  • 

-P  p  to  tH 

•H  d  -p  d  o 

d  4)  tH  o  © 

>:t0  «0  4)  d  »H  4> 

•H  ©  nj  P  *00 

d  P  tH  'CJ 
<D  d  CO  M  to  © 

d  *00  w  'H  OP 

c  0)  V  S<  ^ 

? 


to  4)  'O  • 

P  d 

'd  ©  to  © 

d  f-i  d  r 

"bo ; 

T3  P  d  -H  o 
d  o  p  d  p 
d  ^  p  o 

P  O  4)  c 

tod^^Otoppd 
d  >aop  p  Ta  p  X  p  ,Q 
H  P  N  P  ^  o  p  d 

•  d'O  p>»dB  4> 

p  \0  o  4)  to  p  ©  ,o 

opopoodo*^  >%p  • 

©O  d«Hm  ©  a  W  dPP  tn 

‘‘  ^  ©Pdtoo 


CO  ©  ©  03 
d  ^  »«  © 


to  d  ’©  ’ao  d  P 
©  p  'tj  p  g 


©  ©  fp 

(h 'd  © 


o  ©  p 

d-  K  >.  d  43 

1  d  ©  3 

2  P  43 

O  ©  P 

d  K 

o 

>  c  <{ 

d  p  P  O  d  O 

1  ^  ^ 

5  w  o 

>  d<ji 

d  P  P 

CO  d  ^ 

OP  a  ««  P  P  rO 

■  p  ^  §5 

^  •  h 

to  d  ’00 

o  P  a 

ft 

©  P  P 

»H  P  Jh  P 

S3  ©  CO  ft 

©  P  P 

•H  .H 

OP  d  p  _ 

^  P  o  3d 

P  o  ©  d  ?  to 

Swdti^©t4PPd 
p  d  tkOP  P  tJ  P  K  P  ,Q 
P  .H  N  P  ^  O  «H  d 
d 'd  P  S  d  a  © 

POO©^^'--^MP  ©^ 

opopoodo**^  >^p 
•©O  fn  d^m  ©ato  dPP  p 

‘O  P  \a0  \  to  ©  P  d  W  O 

QJOaNP^O  eoL©>Q0dP 

p©inw©P'dpa>' 

to  pw-p  p  p  d 

U 

O  P  o  © 


,  d  ©  H  •  -p 

O  ©  P  •P  d  to  to 

;  \30^  M*  2  ©  w 


„  , .  _  o  o  o 
p  p  d  ©  P  ©  p 
to  P  P  O  p  p 
OP  ©  P  d  ©  p 
Q.P  'd  d  <H  CO  o 


. .  ^  ©  K  •  -P 

O  ©  P  •‘P  d  to  to  P 
'00,0  ^  2  ©  «4  fn 
d  d  O  ©  ©  © 

W  “P  O  ,o  p  -d 


tH  P  .H  ,t3 

^  p 

^  o  o  o 

p  d  •  ©  P  ©  P 
CO  H  P  O  P  tH 

o  p  ©  P  d  ©  P 
ftp  d  d  tH  to  o 


o 

>>  >ao  ©  P  ©  o  d  P  P  • 
flHHQlSl*-322HWWPH 


to 

O 

•H 

d 

VJ 

©  © 

t?ag 

a  4) 

©  • 

43  to 

•H  3  d 

P  to 

d 

O  J-t 

a  p  o 

d  © 

•^  ©  p 

©  © 

d  a 

©  d 

’oD  O 

p  p 

>»  o 

d  d  ©  ©  P  © 

O  P 

d  o  d 

>,'aop 

a  w 

PCMfn'tLO^r^HH  H 


<HQES]hq22^WWf 


pcMro-^inor^HH 


}  *  © 
)  © 

)  •  P  O  P  d 

4  p^q  JU  p  H  ,d 

i  d  H 

]  >^Xl  CD  Em  © 

‘  tO  o  O  M  d 

O  CO  p 

i  •  Em  CO  K 
^  O 

i  P  P<P  P  d 


Ui 


^qO  O, 


T 


I 


I 

© 

C  ©  ^P  o  D« 

O  ra  'H  d  n  ra 

©  *H  d  CO 

©  >>d  P  43  >>  m  P 

t»dPP  dPdo 

HPKd©POO 
©o‘Vaow©dP© 
PddP©d  P^aD 
to  o  d  P  P  d 

dtog©dcQPn© 
©to  Jn  \aD  to  .  •  * 
to  ©  d  P 
P  d  ^ 

©to  ©  a  <4 p 

d  tH  P  d  H 

o  d  **>0 
^  d 


H 
H 
H 

•  t 

'  i  a 

©  ©  ^  o 


_  10  P  OP 

d  ©  ^  a  ^ 


d  ■'aOP  P  d  P  K  P  ,Q 
p  P  N  P  43  o  P  d 
d  d  ^  P  >»  d  B  © 
O  ©  to  p  ©  43 

o  p  o  o  d  o  >>p 

f^d<Hin  ©Bio  dpp 


P  ^30 

to 

©  p  d  to 

^  o  a 

N  P 

U  O 

m 

©  >30  d. 

a  1) 

P 

©  If) 

CO  © 

p  d  p  a 

.pi  43  o  ©  P  d  K 

o  J>d<tfdPP 
-  •  u  m  &  >Q0  o  P  ^ 

.©  eo  Oh  ©  ■  * 


d 

^4  >»e.d 
op  o  © 

«H  P  P 
fn  P 


d©  K  'peKfeOCO 

>  ©  P  «P  d©©PPd  ©P©P 

;  ^  2  ©  <4  p  p  o  P  ‘H 

H  ?  d  O  ©  ©  4)©o  p  ©  p  d  ©  P 

4  E^  P  O  ,o  H  OiP  *d  d  ^  m  o 


- =- 

I  ”  I 

••.  I  .H  © 

d  ©  "OOP  o  a 

o  w  P  d  n  M 

P  d  w 

P  P 

P  d  P 

d  ©  P  o 

\3fl  m  ©  d 

p  ©  d 


«  tH 

d  o 
o 

p  © 

p  'qo 


d  p  p  d 

©  d  ©  P  CO  © 

lU  'qO  to  P  OP 

p  d  ©  ^  ft  ^ 

^  d  P  Bo 

a  t4  p  o  S 

P  d  H  o  i4 

o  d  'qD 


©  ©  d 
^  d  © 

.  ©  w  P  p  d 

p  d  p  «  P  ,d 

P  43  o  P  c4 

p  >>  d  a  © 

to  p  ©  43 

^  2  *•“ 

©  a  ©  d  p  p  ^ 

©  p  d  w  o 

■  ©  *00  d  p 

'd-H  a  t» 

d 

U  >.043 
O  P  O  © 
«H  P  P  43 
U  ■¥* 

P  d  >.  d  O  O  O 
P  P  d  ©  p  ©  P 
W  H  P  O  P  tH 
OP  ©  p  d  ©  P 

ftp  d  d  ^  w  o 


«  ^ 
to  ©  P  ' 


